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(54) ORGANIC ELECTROLUMINESCENT ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstrac?t: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent (El) element equipped wtth a protective fitm of 
a simple structure and a suparl? adhesiveness to a layer to be 
coated, having fiexibiifty even if it h thlokened for securing gas < 
barrier property and durability needed. ^^^i'. -C^. , 



(a positive electrode) 3, ari organic EL layer 4, and a second j: 
electrode layer (a negative electrode) 5 laminated in turn on the 
surface of a aiass substrate 2. A proloctrvc- i\U\ \ 6 is formed SO as i-*SEL*f 4 -^teLS 
to coal a whole of the organic EL layer 4 and the second electrode s-imsi &-m 
layer 5 and a part of the first electrode layer 3, The protective 
layer 6 is formed of a diamond-like carbon film contafnihg sflleon, 
Content of silicon is preferably 2 to 20 at%. 
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SOLUTION: The organic EL element 1 has a first electrode layer 
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dsimages eaus?ed fay the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be franslated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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DESCRIPTION OF DRAWINGS 
[Brief Descnpiion of the Drawings] 

[Drawing 1]lt is a mimetic diagram in which (a) shows tiie type section figure of tl ie organic EL device of 
1 embodiment, and (b) shows the detaiis of an organic electroluminescence layer, 
[prawifig 2]The mimetic diagram of the organic EL device of conventional technology. 
[Description of Notations] 

1 [ -- An organic electroluminescence layer, 5 / - The 2nd electrode layer, 6 / - Proteclive film. ] - An 
organic EL device, 2 - The gfas$ substr## ir^ sud$trate, 3 - The 1st efectfod^: 4 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[00Q1] 

[Field of the InventionjThis invention relates to an organic eiectroiuminescence (only henceforth organic 
electroluminescence) element, and a manufacturing method for the same, and reiates to an organic EL 
device provided with the protective film in detail, and a manufacturing method for the same, 
[0002J 

[Description of the Prior ArtjAs for the organic EL device, the organic electroluminescence layer is 
formed between the 1st electrode (anode) and the 2nd electrode (negative pole). Since organic 
electroluminescer^ee material has high reactivity Wiih oxygen arid rTiolsture, if it is not used in the state 
where it was mtercepte6 from the open air, chemicais degradation arises with oxygen and the moisture 
in the atmosphere, and there is a problem that the field which is called a dark spot and which doi-^r- not 
emit light spreads. As a method of intercepting on organic electrokiminescence layer from the open air, 
what is put >n practical use is only a thing of co;nposiliGn !;f acconirnodaling and ciosmg :vj;;o.U;nt in 
covering while providing covering made from sialniess sieei. As th'.s ihlng is shown in drawing 2, the 
organic eiectroiuminescence layer 22 was formed in the rear face (undersurface) of the glass substrate 
21, and the covering 23 made from stainless steel has pasted up that organic electroluminescence layer 
22 on the glass substrate 21 in the wrap state. The adsorbent (drier) 24 is accorrirnodaled ir) the seal 
part 23a in the covering 23. The electrode layer is provided so that the organic electroluminescence 
layer 22 may be inserted, but the electrode iaye.- is omitting the graphic display. 
[0003]The method of covering an organic electroluminescence layer by a protective fiim is also 
proposed. For example, to JP,10-261487,A. In the organic EL device with which the organic layer was 
laminated between the hole injection electrode and the electron injection electrode, the organic EL 
device which provided the protective film for antioxidizing of the organic EL device which becomes a 
field by the side of an electron injection electrode from a diamond Mr. carbon (DLC: diamond like 
carbon) film proponed at least. 

[0004]By manufactuhng the protective film of an organic EL device by a method including following (a) 
and (b)2 process, even if thickness is thin, the method of forming the protective film which can control 
that moisture and oxygen penetrate to an organic electroluminescence layer by high density is proposed 
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by JP,2000-133440A 

(a) The process of forming the 1st DLC layer stuck to the ground film formed in the substrate by 
predetermined hydrogen content pressing down to which internal stress becomes smail. (b) The process 
of forming the hydrogen which becomes large [ density ] about the 2nd DLC layer under the conditions 
which are not included substantially on the 1st DLC iayer, 
[00051 

[Probiem(s) to be Solved by the inventionJHowever, in the composition which uses the covering 23 
made from stainless steel put in practical use, it is disadvantageous in respect of slimming down of a 
material cost, a production man hour, and an element, etc. It is necessary to accommodate adsorbent, 
Such as BaO. There is a problem, of being inapplicable to a flexible substrate. 
[0006]The protective film which, on the other hand, has sufficient performiance vv^hich is dramaticaliy 
severe as for required gas barner property and endurance, and does not give a damage to an organic 
electroluminescence layc;r aUnough il is advantageous in respect ot cost, n man day, and slimming 
down v/iih the con^position which covers a protective film on the outside of an organic EL device has not 
reached a utilization level yet. 

[0007]Like the method indicated by JP,10-261487,A, when a protective film is constltuied from a DLC 
film, adhesion is insufficient. In order to secure required gas barrier properly, when thickness is 
thickened, internal stress becomes large and there is a problem that nexibiiity required for a crack and 
exfoliation to occur or apply to a flexible substrate is hard to be obtained. 
f00081!n order to form the protective film indicated by JP, 2000-1 33440,A, while it becomes 
indispensable [ a foundation layer ] while forming the DLC film more than two-layer [ from which 
manufacturing conditions differ at least ], and a manufacturing process becomes compiicaled, tiiere is a 
problem that productivity is also low. 

[0009]This invention is made in view of said conventional problem, and the purpose has the good 
adhesion over the layer which should be covered with an easy structure, In order to secure required gas 
barrier property and endurance, even if it thickens thickness, it is in providing the organic EL device 
provided with the protective film which has fjexIbSlty applicabte to 9 flextbte sybstmt^, The 2nd purpose 
is to provide the manufacturing method. 

[Means for Solving the Problem|ln order to attain said 1st purpose:^ m the Invention according to claim 1 , 
a protective film which consists of a diamond ^iko carbon film which contains silicon on the surface of an 

organic eiecirolum.inescence element was formed. 

[001 1]As compared with, the usual DLC film v^hich does not contam silicon by constituting a protective 
film from this invention with a DLC film containing silicon, adhesion is good, and in order to secure 
barrier property to the open air containing oxygen and moisture, even if it carnes out high speed film 
formation of the thick film, it can control that internal stress becom,es large. Also when a Oexible 
substrate is used as a substrate, bending of a substrate can be followed and it can bend. 
[0012]setting to the invention according to claim 1 in the invention according to claim 2 - said protective 
film - silicon - 2 - 20at% - it contains. In this invention, the aforementioned effect becomes high. In 
order to attain the 2nd purpose in the invention according lo claim 3. On a substrate, after laminating the 
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1st electrode layer, an organic eiectroiufTiinescence layer, and the 2r>d electrode layer, a diamond like 
carbon fiim containing silicon is formed 'vvith plasma CV'D method etc. so that said organic 
eiectroiurTiinescence layer and the wiiole 2nd electrode layer may be covered al leasl. 
[0013]ln this invention, after being formed so that the 1st electrode layer, an organic 
electroiumisiescence layer, and the 2nd electrode layer may be laininated in order on a substrate, a 
protective film which consists of a OLC film containing silicon is formed so that the whole exposed 
surface of said organic electroluminescence layer and the 2nd electrode layer may be covered at least. 
Since a DLC film containing silicon is formed by a piasma-CVD (Chemical Vapor Deposition) method 
etc. like the usual DLC film, it can use the usual plasma GVD method. 
[0014] 

[Emsbodiment of the InventionJHereafter, the 1 embodiment v^hich materialized this invention is 
described according to drawing 1. Drawing 1 (a) is the type section figure vMch fractured the protective 
film portion of the organic EL device, and drawing 1 (b) is a mimetic diagram shovving the composition of 
an organic electroluminescence layer. As shown in drawing 1 (a), the organic EL device 1 is laminated 
by the sunace of the glass substrate 2 as a substrate in order of the 1st electrode layer (anode) 3 the 
organic eiectroiuminescence layer 4, and the 2nd electrode layer (negative pole) 5, for e.<rirnple. And the 
protective filrn 6 (sealing film) iS formed so that the organic eiectroiuminescence layer 4 and 2nd 
electrode layer 5 whole and a part of 1st electrode layer 3 may be covered. 
[0015]The 1st electrode layer 3 cor\sists of ITO(s) (indium stannic acid ghost), and is formed 
transparently. As shown in drawing 1 (b), the organic eiectroiuminescence layer 4 comprises four layers, 
the hole injection layer 4a, the electron hole transporting bed 4b. the luminous layer 4c, and 4 d of 
electron transport layers, sequentially from the 1st electrode layer 3 side. The hole injection layer 4a is a 
copper phthaiocyanine, the electron hole transporting bed 4b is a triphenyiamine derivative, the 
luminous layer 4c is an alufninum chelate derivative, and 4 d of electron transport layers are formed with 
lithium fluoride, respectively. The 2nd electrode layer 5 Is formed with aluminum (aluminum). The 
thickness of the 2nd electrode layer 5 of the thickness of the organic electroluminescence layer 4 is 
usually thinner than the organic electroluminescence layer 4 at about 0.06-0.3 micrometer, and the total 
value of the thickness of the organic eiectroiuminescence layer 4 and the 2nd electrode layer 5 is 1 
micrometer or less at the maximum. 

|0016]The protective film 6 is lormsed by the DLC (diamond like carbon) film containing silicon. 2 - 20at% 
of the content of silicon is desirable. 50-1000 nm of thickness is preferred. 

[0017]Next the manufaciuring method of the organic EL device 1 constlluted as mentioned above is 
explained. The 1st electrode layer 3 which consists of ITO(s) is first formed by sputtering on the glass 
substrate 2. Next, on the 1st electrode layer 3, laminating formation of the hole injection layer 4a, the 
electron hole transporting bed 4b, the luminous lay^r 4c, 4d of electron transport layers, and the 2nd 
electrode layer 5 is carried out one by one by vacuum evaporation. Next, It transports into the chamber 
of a plasma CVi;} (ievice, and without exposing the glass substrate 2 to the atmosphere, by a 
predetermined film formation condition, a silicon content DLC film is fomied so that the 2nd electrode 
layer 5 and organic electroluminescence layer 4 who\e may be covered, and the protective film 6 is 
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formed. In order to form a silicon content DLC ftlm, membranes are formed where CH^, SiCCH^) ^, H^, 

and Ar gas are put in in the chamber of piasma CVD, for example. 

[0018]About the sample of the predetermined size {size of 13 mm x 19 mm of the organic 

electroluminescence layer 4), gas pressure and the sample which has the protective film 6 of SiCCH^) ^ 

which changes film formation conditions, such as time, and from which silicon content and thickness 
differ comparatively were produced. By the samples 1 and 2, SOW was performed for eiectnc power and 
membranes were formed hy 6Jx10 "Va In gas pressure, and in the samples 3-1 Or it adjusted suitably 
and membranes were formed. About each sample, ater neglecting it under a room temperature ar^d 
hign-humidity/tempefature (60 **, 96%RH), the crack to the protective fiirn 6, the exii;tt;no(; oi generating 
of exfoiiatton, and the existence of growth of a idiark spot were investigated. The sili^ content of the 
sample obtained m Table 1 and thickness are shown. After canning out predetennined time neglect 
under a room temp^ature and high-humidity/t^perature (60 95%RH) about the sample obtained in 
Table 2, the result of having investigated ttte crack to the protective film 6, the existence of generating of 
exfoliation, and the exlstervce of growth of a dark spot Is shown, 

jlllilllllll 
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[Table 2] 
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As shown in Tabie 1 and 2, in the case of the PLC film which does not contain sfHcon (comparative 
exari ipitts I and 2), even if it changed thickness, a good protective film was not obtained. Also in the 
case of the DLC fiim containing silicon, when there was little silicon content (comparative example 3), a 
crack, exfofiation, and a dark spot occurred after high-humidity/temperature 500-hour neglect. Also 
when there was mych silicon content (comparative example 4), a c^aok, exfoliation, and n dark spot 
occun-ed after high-humidlty/temperature 500-hour neglect. 

[0021]On the other hand, In Example 1 - Example 5 whose silicon content is 2 - 20at% of a range, in the 
range whose thickness is 60-1000 nm, neither a crack nor exfoliation occurred and after high- 
humidity/latiperature $OO^hour neglect did not generate a dark spot, either. However, as shown in the 
comparative example 5, when thickness was ttiinner than the aforementioned ran^e, a crack, 
exfoliation^ a^d a dark spot occurred after hlgh-humldity/temperature 600-hour neglect. 
[0022]When silicon content formed the DLC film of 2 - 20at% of the range as the protective film 6 of the 
organic eiectrolumfnescerice layer 4 formed in the flexible substrate, each has followed the flexure 
defon^ation of the flexible substrate tjy the thickness of Examples 1-5, i.e., the range of 50-1000 nm. 
[0023]fn this embodiment, it has the following effects. 

(1) Since neither a crack nor exfoliation occurs even if adhesion is good and thickens thickness as 
compared with the usual DLC film which does riot contain siticori by constituting the protective film 6 
from a DLC fi^m containing silicon, the banrler property to the open air containing oxygen and moisture 
can be improved. Even if it carries out high speed film formation of the thick film, it can control that 
Interna! stress becomes large and time for fomiing the protective film of the thickness which can secure 
required gas barrier property can be shortened. 

[0024]{2) By constituting the protective film 6 from a DLC film containing silicon, as compared with the 
usual DLC film which does not contain silicon, it excels in flexibility, and also when a flexible substrate is 
used as a substrate, bending of a substrate can be followed. 
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[0025j(3) if thickness is thickeoeci, barrier property will become high, but if it thickens, flexibility will fail. 

However, in the case of the silicon ** DLC film of this invention, Dending of a flexible substrate can be 

foliowed by the thickness from which sufficient barrier property is obtained. 

IQ026](4) The aforementioned effect becomes high when the content of silicon is 2 - 20at%. 

(5) When IhicKness is 1000 nrn or less, it can apply to a flexible substrate. 

An embodiment may be constituted not only the above but as foiiows, for example. 

[0027jO It n^ay apply to the organic EL device which replaces with the glass substrate 2 and uses a 

flexible substrate as a substrate. 

O Do not necessarily restrict the organic eiectroluminescence layer 4 to 4 iamination> 
[0028]O Don't restrict the material which constitutes each class 4a-4d of the organic 
electroluminescence layer 4 to the aforementioned composition 

O As a carbon source in piasma CVD method, It may replace with methane and ethane gas and 
propane may be used. 

[0029]O Instead of forming the protective film 6 with the usual plasma CVQ method, ECR (Electron 

Cyclotron Resonance) piasma CVD method may be adopted, fn thss case, as compared with the usual 

piasma CVD method, membranes can be formed at low temperature. 

[OOSOjThe invention (technical idea) grasped from said embodiment is indicatetJ balOWf. 

(1) \n the invention according to claim 1 or 2, said protective film is 50-1000 nm in thickness. 

[0031 ](2) Use an ECR plasma CVD method as said plasma CVD method in the invention according to 

(3) In the Invention of a statement, use a tetramethylsilane (SI{CH^) ^) as a source of silicon, and use 
methane (CH^) for claim 3 and (2) as a carbon source, respectively- 

llllllllllllll^ 

[Effect of the Ifiverttiotip order the protective f\\m of claim 1 mtS the organic EL device cf the invention 
according to claim 2 has the good adhesion over the layer which should be covered witti an easy 
structure as explained In full detail above» and to secure required gas barrier property and endurance, 
even If it thickens thickness, it has flexibility applicable to a flexible sybstrate. The invention according to 
claim 3 is suitable for manufacture of claim 1 and the organic EL device of the invention according to 
claim 2. 
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CLAIMS 

[Claim(s}] 

[Claim 1]An organic eiectroiuminescence element tr» whfch a protective film which consists of a diamond 
like carbon film which contains silicon on the surface of an organic electfoluminescence element was 

formed. 

[Claim 2]said protective film silicon - 2 - 20at% ~ the included organic electroluminescence element 
according to claim 1. 

[Claim 3]After laminating the 1st electrode layer, an organic electroluminescence layer, and the 2nd 
electrode layer on a substrate, so that the whole exposed surface of said organic electroluminescence 
layer and the 2nd electrode layer may be covered at least, A manufacturing method of an orgrfnic 
electroluminescence element which forms a diamond like carbon film containing silicon with plasma 
CVD method etc. 



[Translation dorse. j 
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